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METHOD AND DEVICE FOR MEASURING THE ROTATIONAL SPEED 
OF A PULSE-ACTIVATED ELECTRIC MOTOR 

Field Of The Invention 

The present invention relates to a method and a device for measuring the rotational speed of 
an electric motor activated in a pulsed fashion. 

5 Background Information 

In order to determine the rotational speed of an electric motor for the purpose of speed 
regulation, magnetic or optical transmitters are known that are attached to the shaft of the 
motor and that are read by magnetic and/or optical sensors on the stator housing. However, 
such devices tend to have a high cost. 

10 

For electric motors that are operated using pulse width modulation (PWM) voltage supply, 
i.e., in a pulsed fashion, a simpler and more cost-effective method is known to measure the 
voltage produced by the generator in the non-activated phases, the level of said voltage being 
proportional to the rotational speed of the motor. 

15 

However, the level of the voltage is not a very precise measure of the speed, so this method is 
not suitable for precise regulation. 

German Published Patent Application No. 32 26 614 describes the detection of the ripple 
20 content of the current for a circuit arrangement for extending and retracting an automobile 
antenna in a motorized fashion. If the frequency of the ripple content decreases considerably 
and finally becomes zero, this event signals that the speed of the motor has approached zero, 
i.e., the antenna has reached a stop. Here, the speed of the driving motor is not regulated, but 
rather merely rough information is gathered as to whether the driving motor is rotating or 
25 standing still. In addition, this solution is not suitable for motors activated in a pulsed fashion. 

A method is known from United States Patent No. 5,664,047 in which the ripple content of 
the current (current ripple) of a PWM-regulated electric motor is to be used to determine the 
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rotational speed. However, the measurement is made more difficult by the constant change 
between the activated and non- activated phases of the motor. The shorter the current pulses, 
which depends on the selected pulse frequency, the target speed, and the load on the motor, 
the less certain the measuring signal becomes, which can result in erroneous control and thus 
5 to fluctuations in the speed. 

Summary Of The Invention 

In contrast, the method according to the present invention and the device according to the 
present invention offer the advantage that it is possible for the speed of an electric motor 
10 activated in a pulsed fashion to be detected simply and cost-effectively, but also precisely. 

According to the present invention, the motor is fiiUy activated at time intervals to be 
determined by the circuit element provided for pulsing purposes and, in this time period, the 
frequency of the current ripple (current ripple = amplitude of the AC component of the 
15 current) proportional to the motor speed is measured. 

In motors to which only a low level of load torque is applied, there is hardly any change in 
speed. The method has the advantage that, after the time interval to be determined, it is 
always possible to analyze enough current ripples during the measuring time to detect the 

20 speed. From the number of current ripples during the measuring phase, it is possible to use an 
electronic switch to generate square-wave voltages that correspond to the commutation at the 
motor collector. The time interval between the edges of this square-wave signal is a measure 
of motor speed. If a heavy load is applied to the commutator, it may also be practical to use 
the distances between the time midpoints of the rising and falling edges for measurement 

25 instead. 

The time interval and the measuring time need not be constant. They may be variable as a 
ftmction of the supply voltage, the temperature, and/or the load torque. 

30 A corresponding device provides a motor having a circuit element, for example, a transistor, 
connected on the line side, a control circuit for the circuit element, a voltage tap over the 
circuit element, an amplifier connected on the load side, a filter, and an evaluation circuit. 
The time interval and measuring time are stored in the control circuit. After the time interval 
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has expired, the drive circuit of the motor is fully activated and the evaluation circuit also 
receives a start pulse. This start pulse is not absolutely necessary, but it does shorten the 
required measuring time. The DC component in the measured voltage is filtered out by the 
filter. In the evaluation circuit, the frequency of the AC component in the voltage of the motor 
5 during the currently running measuring time, which is proportional to the speed, is 

determined, for example, in that the filtered AC voltage is decomposed by a comparator into 
square-wave voltage pulses whose edge spacing (either rising or falling) or whose distances 
between time midpoints are measured. The evaluation may be performed in a microprocessor, 
for example. 

10 

Brief Description Of The Drawings 

Figure 1 shows a basic circuit of the device according to the present invention. 
Figure 2 shows the insertion of the measuring time into the control pulse of the motor. 

15 

Figure 3 shows the voltage at the circuit element. 

Figure 4 shows a first view of the variants for evaluation of the measuring signal. 
20 Figure 5 shows a second view of the variants for evaluation of the measuring signal. 
Detailed Description 

Figure 1 shows a basic circuit diagram of the arrangement, for example, for a pimip drive in a 
motor vehicle. A motor M is controlled by a control circuit 2 using PWM by way of a circuit 

25 element 1 , for example, a transistor. A correspondingly lower speed n than in the case of 
constant activation of motor M is generated from the on/off switching ratio. Because of the 
vehicle wiring system, pulsing frequency fo must be at least 50 Hz, for example. During the 
activation phase, higher-frequency oscillations whose frequency is proportional to speed n of 
motor M are caused in motor current l^^i^ (current ripple) by the commutation of the current 

30 at the collector of the motor. The duration of an individual current ripple depends on the 
number of the pole pairs and rotational speed n of motor M. 



NY01 605045 v 1 



3 



According to the method of the present invention, motor M is fiilly activated for a certain 
time period, or measuring time (see Figure 2) after the expiration of a time interval T,, for 
example, 100 ms, using control circuit 2. Measuring time must be selected to be long 
enough so that speed n can be reliably detected from a plurality of current ripples, for 
5 example, 20 ms. This occurs after measured voltage Ul passes to circuit element 1 fi-om low 
pass filters 3 and 4, amplification in an amplifier 5, and further filtering in a low pass filter 6 
using a comparator 7. Here, speed n of motor M changes only insignificantly. The brief 
complete activation is barely detectable in the motor noise. The threshold value for 
comparator 7 is acquired from the usefiil signal after filtering in a low pass filter 8. 

10 

Figure 3 shows the signal of the current-proportional voltage Ul across circuit element 1. 
During measuring time Tj, the commutations are clearly represented as an AC signal. The 
filtered alternating current may be transformed into corresponding square-wave voltages U2. 
The time interval between the edges of the square-wave signal is then a measure for speed n 
15 of motor M. 

As is shown in Figure 4, time intervals between the rising edges or time intervals t^ 
between the falling edges of the square- wave signal may be used. However, intervals t^^ 
between the time midpoints of the rising and faUing edges are also suitable for analysis, as is 
20 shown in Figure 5. 

The motor may be regulated in a more precise manner using a more precise detection of the 
actual speed, which has an immediate influence on the pump noise when the motor is used as 
a pump drive as described in the present example. 
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